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(57) ABSTRACT

A drive belt (3) includes an endless carrier (31) and a plurality
of transverse members (32) of varying thickness, i.e. the
dimension measured in the circumference direction of the
belt (3). According to the invention, the design of such drive
belt (3) can be improved, at least in terms of durability, by also
varying the width, i.e. the dimension measured in the axial
direction “W” of the drive belt (3), of the transverse members
(32) in such a way that the thinner transverse members (32) of
the drive belt (3) are of a larger width than the thicker trans-
verse members (32) thereof.

14 Claims, 2 Drawing Sheets
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DRIVE BELT COMPRISING DIFFERENT
TYPES OF TRANSVERSE MEMBERS FOR A
CONTINUOUSLY VARIABLE
TRANSMISSION

The present invention relates to a drive belt for a continu-
ously variable transmission, which is in particular destined to
be arranged around two pulleys of the transmission and which
comprises a plurality of discrete transverse elements or mem-
bers for contacting the transmission pulleys, as well as one or
more endless, i.e. ring shaped, carriers for carrying and guid-
ing the transverse members in the transmission. The present
type of drive belt is also known as a push belt.

Each endless carrier of the drive belt is typically composed
of a plurality of mutually nested, continuous flexible metal
bands and is also known as a ring set. Each endless carrier is
at least partly inserted in a recess provided in the transverse
members. In case the drive belt comprises only one endless
carrier, such carrier is typically mounted in a central recess of
the transverse members that opens towards the radial outside
of the drive belt. However, usually the drive belt is provided
with at least two endless carriers that are each mounted in a
respective one of two recesses of the transverse members,
which recesses then open towards a respective axial or lateral
side of the transverse members, i.e. of the drive belt.

The transverse members of the drive belt are slidingly
arranged along the circumference of the endless carrier or
carriers in a virtually continuous row, such that these mem-
bers are able to transmit forces which are related to a move-
ment of the drive belt. The transverse members have two main
body surfaces which, at least partly, extend substantially par-
allel with respect to each other and which are separated from
each other over the (local) thickness of the transverse member
by a circumferential side surface. As seen along the circum-
ference of the carrier, the transverse members have a com-
paratively small dimension, i.e. thickness, such that a several
hundreds thereof are present in the drive belt. Adjoining trans-
verse members are designed to be able to tilt relative to one
another, such that the belt is able to follow a curved trajectory.
To accommodate and control such relative tilting, one of the
two main body surfaces of the two adjoining transverse mem-
bers in the drive belt that are mutually in contact is provided
with a so-called rocking edge in the form of an axially and
radially extending section of the respective main body -
surface(s) that is convexly curved in radial direction. In this
respect it is noted that the radial direction is defined relative to
the drive belt when it is placed in a circular trajectory.

Parts of the side surface of the transverse members, which
parts are predominantly oriented in the axial direction, i.e.
widthwise, are corrugated and are intended for frictionally
contacting the transmission pulleys, in particular by being
clamped widthwise between two conical sheaves of such
pulleys. The friction contact between the transverse members
and the conical pulley sheaves allows a force to be transmitted
there between, such that the drive belt can transfer a drive
torque and rotational movement from one transmission pulley
to the other.

Although, typically, the majority of the transverse mem-
bers of a drive belt are identically shaped, it is also well-
known to include two or more types of transverse members of
mutually different design into a single drive belt. In this latter
respect, it is known in the art to provide the drive belt with
transverse members having a mutually different thickness,
i.e. the transverse members of a first type being thinner (or
thicker) than the transverse members of a second type. For
example, in the European patent publication EP1178240 (A2)
it is described to include three types of transverse members
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into a single drive belt, whereof each type shows a different
thickness, in order to efficiently reduce the amount of clear-
ance between the transverse members in the row of transverse
members that spans the circumference of the endless
carrier(s) in the drive belt. Further, from the European patent
publication EP 0305023 (A1) it is known to provide the drive
belt with two or more types of transverse members of mutu-
ally different thickness and to randomly mix these transverse
members amongst another as they are incorporated in the
drive belt along the circumference of the endless carrier(s)
thereof, in order to attenuate the noise caused by the trans-
verse members successively impacting the transmission pul-
leys during operation of the transmission.

Itis an object of the present invention to improve the design
and operation of this known drive belt including transverse
members of different thickness. More in particular, the
present invention aims to reduce the load exerted on the
transverse members in the curved trajectory of the drive belt,
at least on average.

The invention departs from on the technical insight that,
due to the nature and the geometry of the contacts between the
adjoining transverse members and between a transverse
member and the pulley sheaves, a titling and a radial sliding
occur between the transverse members. Because transverse
members are of different thickness such tiling and radial
sliding is unequally distributed between these transverse
members. As a result, the curved row of transverse members
between the pulley sheaves will not be as continuous and
regular as when all transverse members would be of equal
thickness. At least the axial load (i.e. the clamping force)
exerted by the pulley sheaves on the transverse members in
transverse direction will not be equally distributed between
them. In particular, the thinner transverse members will be
axially loaded (clamped) to lesser extent than the thicker
transverse members.

The invention aims to overcome or at least reduce above-
described phenomenon and the disadvantages that are asso-
ciated therewith by providing the drive belt with the technical
features of claim 1 hereinafter. Thus, in accordance with the
invention, the axial dimension, i.e. width of a transverse
member is related to the thickness of that particular transverse
member. In particular, in the drive belt, a width of a (rela-
tively) thin transverse member is greater than the width of a
(relatively) thick transverse member.

As aresult, the clamping force and axial load exerted by the
pulley sheaves on the thinner transverse member is raised, at
least relative to such load on the thicker transverse member.
Preferably, the width of the thinner transverse member is
chosen, relative to the width of the thicker transverse member,
such that, during operation of the drive belt in the transmis-
sion, the transverse members thereof experience a similar
axial load. At least in a first approximation, such similar axial
loads may be realized by adopting the same proportion
between the different width dimensions of the transverse
members as is applied between the different thickness dimen-
sions thereof.

The invention will be explained in more detail on the basis
of'the following description of the invention with reference to
the drawing and in relation to a preferred embodiment
thereof. In the drawing figures equal reference signs indicate
equal or similar structures and/or parts.

FIG. 1 provides a schematic perspective view of the con-
tinuously variable transmission with a drive belt running over
two pulleys, which drive belt includes an endless carrier, as
well as a number of transverse members.

FIG. 2 shows a cross section of the known drive belt viewed
in the circumference direction thereof.
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FIG. 3 provides a width-wise oriented view of a transverse
member of the known drive belt.

FIG. 4 provides a schematic representation of a curved part
of'the drive belt, which part is provided with, otherwise iden-
tically shaped transverse members of mutually different
thickness.

FIG. 5 provides an enlargement of a section of FIG. 4.

FIG. 6 illustrates the present invention along an enlarge-
ment of a section of the drive belt according to the present
invention similar to FIG. 5.

The schematic illustration of a continuously variable trans-
mission in FIG. 1 shows a drive belt 3 which runs over two
pulleys 1, 2 and which includes a closed, i.e. endless carrier
31 and an essentially contiguous row of transverse members
32 that are mounted on and arranged along the circumference
of'the carrier 31. In the illustrated position, the upper pulley 1
rotates more quickly than the lower pulley 2. By changing the
distance between the two conical sheaves 4, 5 of each pulley
1, 2, the so-called running radius R of the drive belt 3 on the
respective pulleys 1, 2 can be changed and, as a result, the
rotational speed ratio i between the two pulleys 1, 2 can be
varied. This is a known manner of varying a difference in
rotational speed between an input shaft 6 and an output shaft
7 of the transmission.

InFIG. 2, the drive belt 3 is shown in a cross section thereof
facing in the circumference or length direction I of the belt 3,
i.e. facing in a direction perpendicular to the axial or width W
direction and the radial or height H direction thereof. This
FIG. 2 shows the presence of two endless carriers 31 that are
shown in cross-section and that carry and guide the transverse
members 32 of the drive belt 3, whereof one transverse mem-
ber 32 is shown in front elevation.

The transverse members 32 and the endless carriers 31 of
the drive belt 3 are typically made of metal, usually steel. The
transverse members 32 take-up a clamping force exerted
between the sheaves 4, 5 of each pulley 1, 2 via pulley contact
faces 37 that are provided on either axial side thereof. These
pulley contact faces 37 are mutually diverging in radial out-
ward direction to essentially match a V-angle defined between
the two sheaves 4, 5 of each pulley 1, 2. The transverse
members 32 are able to move, i.e. to slide along the endless
carriers 31 in the circumference direction L, so that when a
force is transmitted between the transmission pulleys 1, 2, this
force is transmitted by the transverse members 32 pressing
against one another and pushing each other forward in a
direction of rotation of the drive belt 3 and the pulleys 1, 2.
The endless carriers 31 hold the drive belt 3 together and, in
this particular exemplary embodiment, are composed of five
individual endless bands each, which endless bands are mutu-
ally concentrically nested to form the endless carrier 31. In
practice, the endless carriers 31 often comprise more than five
endless bands, e.g. up to twelve or more.

The transverse member 32, which is also shown in side
view in FIG. 3, is provided with two cut-outs 33 located
opposite one another and opening towards opposite sides of
the transverse member 32. Each cut-out 33 accommodates a
respective one of the two endless carriers 31. A first or base
portion 34 of the transverse member 32 thus extends radially
inwards from the endless carriers 31, a second or middle
portion 35 of the transverse member 32 is situated in between
the endless carriers 31 and a third or top portion 36 of the
transverse member 32 extends radially outwards from the
endless carriers 31. The radially inward side of a respective
cut-out 33 is delimited by a so-called bearing surface 42 of the
base portion 34 of the transverse member 32, which bearing
surface 42 faces radially outwards in the general direction of
the top portion 36. This bearing surface 42 contacts the inside
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of the endless carrier 31, especially in the parts of the drive
belt 3 that are wrapped around and in contact with the trans-
mission pulleys 1, 2.

A first or rear surface 38 of the two main body surfaces 38,
39 of transverse member 32 that face in mutually opposite
circumference directions L, is essentially flat. The other or
front main body surface 39 of the transverse member 32 is
provided with a so-called rocking edge 18 that forms, in the
radial direction H, the transition between an upper part of the
front surface 39, extending essentially in parallel with its rear
surface 38, and a lower part thereof that is slanted such that it
extends towards the rear surface 38. In FIG. 2 the rocking
edge 18 is indicated only schematically by way of a single
line, however, in practice the rocking edge 18 is mostly pro-
vided in the shape of section 18 of the said front surface 39,
which section 18 is straight and flat in the axial direction W,
but is convexly curved in the radial direction H. Thus, an
upper part of the transverse member 32 that is located radially
outward from/above the rocking edge 18 is provided with an
essentially constant dimension between the main body sur-
faces 38, 39 thereof, i.e. as seen in the circumference direc-
tion, which dimension is typically referred to as the thickness
of the transverse member 32.

InFIG. 4 alower part 34* from the upper end of the rocking
edge 18 downward (see also FIG. 3) of several transverse
members 32 is shown in a mutually rotated position that is
representative of a part of the drive belt 3 that is wrapped
around and in contact with a transmission pulley 1, 2, while
rotating around the center of rotation COT of that pulley 1, 2.
FIG. 4 covers a group four adjacent transverse members 32 in
the said part of the drive belt 3, whereof a thickness D2 of one
transverse member 32" is less than the thickness D1 of the
other transverse members 32'. It is noted that FIG. 4 is not
drawn to scale in order to more clearly illustrate the present
invention.

From the FI1G. 4 it follows that the transverse members 32,
32', 32" of different thickness not only assume a different
tilting angle a1, a2 relative to a succeeding transverse mem-
ber 32, 32', 32", but also that the geometrically determined
position of the thinner transverse member 32" differs from
that of the thicker transverse members, at least in the radial
direction. In fact, due to the mutual rotation of the transverse
members 32, 32', 32" between the pulley sheaves 4, 5, the
upper end of the rocking edge 18 of the thinner transverse
member 32", as geometrically determined by such rotation,
lies radially inside a virtual circle VC connecting the upper
end of the rocking edge 18 of the thicker transverse members
32

For the sake of clarity the section of FIG. 4 indicated by the
dashed ellipse is shown again as FIG. 5, however, on a larger
scale. From this FIG. 5 it appears that a gap G is present
between the upper end of the rocking edge 18 of the thinner
transverse member 32" and the said virtual circle VC. This
FIG. 5 thus suggests that the thinner transverse member 32"
can, to a certain extent, move in the height direction H,
because it is not (forced) in contact with the endless carrier 31
of the drive belt 3. In reality, the thinner transverse member
32" will at least receive a clamping force that is less than that
received by the thicker transverse members 32'.

To remove such difference in the received clamping force,
i.e. in the (axial) loading of the transverse members 32, 32',
32", the thinner transverse members 32" are produced wider
than the thicker transverse members 32'. In other words, a
dimension in the axial direction W or width of the thinner
transverse members 32" is increased relative to such width of
the thicker transverse members 32'. As a result, the thinner
transverse members 32" have the tendency to ride higher, i.e.
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at a larger radius R (see FIG. 1), between the pulley sheaves
4,5, as compared to the thicker transverse members 32'. This
latter geometric configuration of the drive belt 3 is schemati-
cally illustrated in FIG. 6.

Because of the presence of the endless carrier 31, the said
tendency is counter-acted, however only at the expense of an
increased clamping force experienced by the transverse
members 32" concerned (as sought after by the present inven-
tion). In practice, an increase of 0.1% to 2.5% of the width of
the thinner transverse members 32" relative to the width of
thicker transverse members 32' will typically suffice to obtain
the desired effect, i.e. to obtain a substantial equalization of
the axial loads experienced by the thinner transverse mem-
bers 32" and by the thicker transverse members 32' respec-
tively.

It will be clear to a person skilled in the art that the scope of
the present invention is not limited to the examples discussed
above, but that several amendments and modification thereof
are possible without deviating from the scope of the invention
as defined in the appended claims.

The invention claimed is:

1. A drive belt (3) operable by contact with sheaves (4, 5) of
pulleys (1, 2) of a transmission, the drive belt (3) comprising:

an endless carrier (31), the endless carrier (31) having a
length direction (L); and

anumber of consecutive transverse members (32) mounted
slidable on the endless carrier (31),

each transverse member (32) provided with

1) a front main body surface (39),

ii) a rear main body surface (38), wherein a width (W) of
each transverse member extends across the front body
surface (39) between the opposite edges of each trans-
verse member (32), a height direction extends in a radial
direction (H) of each transverse member (32), and a
thickness direction (L) of each transverse member
extends from the front body surface (39) to the rear body
surface (38),

iii) pulley contact faces (37), destined for contact with the
sheaves (4, 5) of the pulleys (1, 2) of the transmission,
extending from the front body surface (39) to the rear
body surface (38) in the thickness direction along oppo-
site edges of each transverse member (32), and

iv) a cut-out (33) with a radially inward side that defines a
bearing surface (42) that accepts the endless carrier (31)
with the endless carrier (31) extending perpendicular to
the width of each transverse member in the thickness
direction of each transverse member (32), the bearing
surface (42) contacting an inside of the endless carrier
31),

wherein a base portion (34) of each transverse member (32)
is located below the cut-out (33) and extends radially
inwards from the endless carrier (31), and a top portion
(36) of each transverse member (32) extends radially
outwards from the endless carrier (31), and the base
portion (34) of the front body surface (39) includes a
rocking edge (18) that is convexly curved in the radial
direction (H) with a first thickness of the base portion
(34) at an upper end of the rocking edge (18) being
greater than a second thickness of the base portion (34)
at the lower end of the rocking edge (18),

wherein the transverse members (32) are comprised of at
least a first type transverse member (32') and a second
type transverse member (32"),

wherein the first thickness (D1) of the base portion (34) at
the upper end of the rocking edge (18) of the first type
transverse member (32') is greater by a first proportion
than the first thickness (D2) of the base portion (34) at a
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corresponding upper end of the rocking edge (18) of the
second type transverse member (32"),

wherein the second thickness of the base portion (34) at the
lower end of the rocking edge (18) of the first type
transverse member (32') is greater than the second thick-
ness of the base portion (34) at a corresponding lower
end of the rocking edge (18) of the second type trans-
verse member (32"), and

wherein an overall width of the first type transverse mem-
ber (32') is smaller by a second proportion than an over-
all width of the second type transverse member (32"),
such that in operation the pulley contact faces (37) of
both the first and second type transverse members (32,
32") make physical contact with the pulleys.

2. The drive belt (3) according to claim 1, wherein the first
proportion is equal to the second proportion such that the 1)
the first thickness (D1) of the first type transverse member
(32") is greater than the first thickness (D2) of the second type
transverse member (32"), by an equal proportion to ii) the
overall width of the first type transverse member (32') being
smaller than the overall width of the second type transverse
member (32").

3. The drive belt (3) according to claim 2, wherein the
dimension in the width direction of the second type of trans-
verse members (32") has a value in the range between 1.001
and 1.025 times the dimension in the width direction of the
first type of transverse members (32").

4. The drive belt (3) according to claim 1, wherein the
dimension in the width direction of the second type of trans-
verse members (32") has a value in the range between 1.001
and 1.025 times the dimension in the width direction of the
first type of transverse members (32").

5. The drive belt (3) according to claim 1, wherein,

the first thickness (D1) of the first type transverse member
(32" is 1.001 times greater than the first thickness (D2)
of the second type transverse member (32"), and

the overall width ofthe first type transverse member (32') is
1.001 times smaller than the overall width of the second
type transverse member (32").

6. The drive belt (3) according to claim 1, wherein,

the first thickness (D1) of the first type transverse member
(32") is 1.025 times greater than the first thickness (D2)
of the second type transverse member (32"), and

the overall width ofthe first type transverse member (32') is
1.025 times smaller than the overall width of the second
type transverse member (32").

7. The drive belt (3) according to claim 1, wherein,

the first thickness (D1) of the first type transverse member
(32") is between 1.001 and 1.025 times greater than the
first thickness (D2) of the second type transverse mem-
ber (32"), and

the overall width ofthe first type transverse member (32') is
between 1.001 and 1.025 times smaller than the overall
width of the second type transverse member (32").

8. A drive belt (3) operable by contact with sheaves (4, 5) of

pulleys (1, 2) of a transmission, the drive belt (3) comprising:

a pair of endless carriers (31), the endless carrier (31)
having a length direction (L.); and

consecutive transverse members (32) mounted slidable on
the endless carrier (31),

each transverse member (32) provided with

1) a front main body surface (39),

ii) a rear main body surface (38), wherein a width (W) of
each transverse member extends across the front body
surface (39) between the opposite edges of each trans-
verse member (32), a height direction extends in a radial
direction (H) of each transverse member (32), and a
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thickness direction (L) of each transverse member
extends from the front body surface (39) to the rear body
surface (38),

iii) pulley contact faces (37), destined for contact with the
sheaves (4, 5) of the pulleys (1, 2) of the transmission,
extending from the front body surface (39) to the rear
body surface (38) in the thickness direction along oppo-
site edges of each transverse member (32),

iv) a pair of cut-outs (33), each cut-out with a radially
inward side that defines a bearing surface (42) that
accepts one of the endless carriers (31) with the endless
carrier (31) extending perpendicular to the width of each
transverse member in the thickness direction of each
transverse member (32), the bearing surface (42) con-
tacting an inside of the endless carrier (31), and

v) arocking edge (18) that is convexly curved in the radial
direction (H) with a first thickness of the base portion
(34) at an upper end of the rocking edge (18) being
greater than a second thickness of the base portion (34)
at the lower end of the rocking edge (18),

wherein the transverse members (32) are comprised of at
least a first type transverse member (32') and a second
type transverse member (32"),

wherein the first thickness (D1) of the base portion (34) at
the upper end of the rocking edge (18) of the first type
transverse member (32") is greater than the first thick-
ness (D2) of the base portion (34) at a corresponding
upper end of the rocking edge (18) of the second type
transverse member (32"), and

wherein an overall width of the first type transverse mem-
ber (32') is smaller than an overall width of the second
type transverse member (32"), such that in operation the
pulley contact faces (37) of both the first and second type
transverse members (32', 32") make physical contact
with the pulleys.

9. The drive belt (3) according to claim 8, wherein,

the first thickness (D1) of the first type transverse member
(32") is 1.001 times greater than the first thickness (D2)
of the second type transverse member (32"), and

the overall width of the first type transverse member (32') is
1.001 times smaller than the overall width of the second
type transverse member (32").

10. The drive belt (3) according to claim 8, wherein,

the first thickness (D1) of the first type transverse member
(32") is 1.025 times greater than the first thickness (D2)
of the second type transverse member (32"), and

the overall width of the first type transverse member (32') is
1.025 times smaller than the overall width of the second
type transverse member (32").
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11. The drive belt (3) according to claim 8, wherein,

the first thickness (D1) of the first type transverse member
(32") is between 1.001 and 1.025 times greater than the
first thickness (D2) of the second type transverse mem-
ber (32"), and

the overall width ofthe first type transverse member (32') is
between 1.001 and 1.025 times smaller than the overall
width of the second type transverse member (32").

12. The drive belt (3) according to claim 8, wherein the
overall width of the first type transverse member (32') is
between 1.001 and 1.025 times smaller than the overall width
of the second type transverse member (32").

13. The drive belt (3) according to claim 8, wherein the
overall width of the first type transverse member (32')is 1.025
times smaller than the overall width of the second type trans-
verse member (32").

14. A drive belt (3) operable by contact with sheaves (4, 5)
of pulleys (1, 2) of a transmission, the drive belt (3) compris-
ing:

an endless carrier (31); and

consecutive transverse members (32) mounted slidable on
the endless carrier (31),

each transverse member (32) provided with

1) a front main body surface (39),

ii) a rear main body surface (38), wherein a width (W) of
each transverse member extends across the front body
surface (39), a height direction extends in a radial direc-
tion (H) of each transverse member (32), and a thickness
direction (L) of each transverse member extends from
the front body surface (39) to the rear body surface (38),
and

iii) pulley contact faces (37), destined for contact with the
sheaves (4, 5) of the pulleys (1, 2) of the transmission,
extending from the front body surface (39) to the rear
body surface (38) in the thickness direction along oppo-
site edges of each transverse member (32),

wherein the transverse members (32) are comprised of at
least a first type transverse member (32') and a second
type transverse member (32"),

wherein a first thickness (D1) in the thickness direction (L)
of the first type transverse member (32') is greater by a
first proportion than a first thickness (D2) in the thick-
ness direction (L) at a corresponding point of the second
type transverse member (32"), and

wherein an overall width of the first type transverse mem-
ber (32') is smaller by a second proportion than an over-
all width of the second type transverse member (32"),
such that in operation the pulley contact faces (37) of
both the first and second type transverse members (32,
32") make physical contact with the pulleys.
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